Abstract: A set of trial exercises was run to compare pest surveillance capabilities of the Department of Agriculture and Food's entomology and plant pathology staff (all with some degree of field survey experience) with persons from various community groups. Information indicating a comparable level of confidence in the use of community members for surveillance, to complement professional staff capacity, is provided.
INTRODUCTION
In Australia, as elsewhere in the world, the number of experienced surveillance personnel is limited and decreasing [1] . Also, dealing with pest incursions is a challenging task that requires effective planning and resourcing [2] . When designing a surveillance program, the difficulty lies in deciding and prioritizing on how, where, when and what to look for, as elegantly explained by Hellström [3] and mentioned by Steven [4] in the foreword of 'Surveillance for biosecurity: Pre-border to pest management'. Regular surveys can be very time consuming and costly to perform [5] [6] [7] . The cost of rapid assessment surveys in USA was US$ 60,000 to 250,000 per survey and in Australia, port baseline surveys using Hewitt and Martin protocols [8] cost on average US$ 96,000 per survey. Some exotic pest incursions in Australia have warranted a nationally coordinated and funded response, with combined expenditure exceeding AU$200 million [2] .
The personnel and financial resources of the agencies responsible are usually fully committed, such that there is no capacity to readily undertake new or emergency surveillance work. Consequently, in recent years there has been recognition of the need for development of community-based surveillance [9] . Community-based surveys provide a means of addressing ISPM 04 requirements to survey for Area Freedom. They also have the additional benefit of increasing general community awareness of important exotic diseases, pests and weeds and increasing the likelihood of early detection, containment and/or eradication [9, 10] . For successful surveillance programs, early detection of a pest and a rapid control response are crucial for a successful outcome [3, 6] . In Australia, the Department of Agriculture, Fisheries and Forestry (DAFF) is the organization that delivers the Australian Government's plant health role through its Biosecurity Services Group. According to Pheloung [2] , the Australian government is responsible for managing risks at national borders and coordinating the response to new pest incursions. States and Territories, individually or together, work to resolve the problem within the Country. In Western Australia, the Department of Agriculture and Food (DAFWA) is the organization that manages investment in agricultural biosecurity services [11] .
In addition, as a contracting party to the International Plant Protection Convention (IPPC), Australia needs to confirm the absence of pests, rather than consider a pest absent due to lack of reports. Similarly, it would be useful to have some understanding of the degree of reliability of community groups as a resource for surveillance. Furthermore passive surveillance has a greater advantage over active surveillance programs because they are only justifiable when the cost of a potential incursion, and its successful eradication, is dependant on a short time period between initial incursion and identification [12] . The control or eradication cost for a new invasive species is becoming an economic burden in many countries, for example in New Zealand where it is estimated to be around 1% of GDP [9, 13] .
Our knowledge is currently deficient on how invasive species may impact upon our ecosystems. There is a need to demonstrate that a target pest (invertebrate, plant disease or weed) is "known not to occur" through active surveillance, rather than assuming that because the organism has not been detected in passive (or other casual) surveillance, it is absent (not known to occur) [14] . This information has become crucial for the maintenance of interstate and international agricultural and horticultural markets [2, 15, 16] . If a country wishes to trade with other countries, there is often a necessity to be able to declare 'Area Freedom' from certain diseases, pests or weeds that are associated with imports or exports [14, 17] . The guidelines of International Standards for Phytosanitary Measures [18] of the IPPC require the exporting country to provide a scientific account of 'Area Freedom'. This usually entails surveying a given region and/or host crop on a regular basis [14, 16, 18, 19] to ensure freedom from certain pests.
Australia and New Zealand are increasingly relying on a passive surveillance program that involves the general public, industry, biosecurity service and science community to notify the responsible organization of any suspected invasive pest or disease (e.g. pest emergence hotline) [20] . The purpose of this paper is to address the relationship between pest incursions and surveillance programs involving community groups. In the event of an incursion of a plant pest 1 into Australia, there is a need to rapidly deploy people to discover the extent of the pest incursion. To this end, it would be useful to understand the general capability of particular groups within the community and their potential, if deployed during an emergency, to detect the target pest.
This study was designed to compare the capabilities of non-professional community members with professionals in surveillance programs. To enhance the success of future pest surveillance activities, a surveillance exercise was carried out to assist with: 1) the choice of surveillance personnel; 2) the design of future surveillance activities; 3) the level and type of surveillance activities; and 4) the level of confidence in the results obtained from a surveillance activity.
MATERIAL AND METHODS
The surveillance exercise drew on community groups who might be available for surveillance activities. Comparison of the results of community members to that of profes-sional entomologists, plant pathologists and other technical staff from the DAFWA (who although highly skilled in their area of expertise, were not necessarily highly skilled in surveillance for the particular target pests) for the detection of novel non-factual pests was made to establish the effectiveness of these groups. The experiment was carried out in Perth, Western Australia at the Horticulture and Environmental Science Skills Centre of the Challenger Technical and Further Education Institute (TAFE), and at Murdoch University's Environmental Technology Centre.
Study Zones
Fifteen discreet zones were used, each with a unique habitat type. Zones varied considerably in terms of habitat and size (Table 1) , as well as shape (Fig. 1) .
Procedures for Personnel Recruitment
The participants (excluding DAFWA staff) were respondents to a one-off advertisement placed in a community newspaper and brochures displayed at Challenger TAFE and Murdoch University (Fig. 2) . The participants were randomly selected from over 700 applicants and paid an honorarium of $80 upon completion of the exercise. Payment was provided to ensure unbiased attendance by the participants on the day of the exercise and to ensure completion of the task. In an actual surveillance exercise, surveillance personnel would be paid, so the honorarium mimicked a real life situation.
Descriptions of Personnel
There were 126 people selected to undertake the surveillance exercise. These were from three community groups (108) and the DAFWA professional group (18) -control group. The groups were: Group I-full time students who were undertaking university or other post-secondary school studies; Group II-long term unemployed or part-time/casual employees; Group III-seniors or retirees over 55 years of age; and Group IV-DAFWA researchers or technical/professional staff with at least some experience in surveillance. The age of participants in the over 55 group ranged from 55 to 74 years, with a median age of 62 years (Fig. 3) . Students ranged in age from 17 to 52 years, with a median of 22 years. The unemployed group ranged in age from 17 to 54 years, with a median of 39 years and the professional group from DAFWA ranged in age from 22 to74 years, with a median of 44 years.
Each of the three community groups consisted of 36 individuals, comprising equal numbers of: Experienced: (nine males and nine females) and Non-experienced: (nine males and nine females). The division of participants into experienced and non experienced categories was based on their level of training and work, or life experience in biology, horticulture or agriculture. The age of each participant was recorded. Three different individuals from each group of nine
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were selected on three separate occasions (this exercise was repeated over three days). Eighteen completed the surveillance exercise in the morning and the rest in the afternoon (i.e. 36 participants per day). The DAFWA group comprised 18 people, 12 males and 6 females, which conducted the exercise on a separate day.
Each participant was asked to find fictional pests under controlled conditions. Before commencing the surveillance exercise, participants were given a 45 minute briefing on how to undertake the surveillance and detailed information on the appearance and biology of the fictitious target pests. They were also provided with coloured images of the fictitious pests that they could refer to whilst undertaking the exercise.
Surveillance Targets
For this study, fictitious pest organism symptoms were used that had a resemblance to real organisms or actual plant damage. Fictitious pests, were used so that there was consistency in the position and appearance of the organisms over the three days of the exercise. It also provided no advantage to any of the individuals undertaking the exercise by them having prior experience of the organisms.
Pest Description
The fictitious pests were the 'toxic blue snail'; the 'cryptic leaf cutter beetle' and 'aggressive pink rust' (Fig. 4) . In the case of the toxic blue snail, conical marine snails were sprayed with pale blue paint (Australian Export Gloss   Fig. (3) . Age distribution for each community group and the professional group from DAFWA. Fig. (4) . Images of the fictitious pests used in the surveillance exercise. Arrows on the pictures above indicate the target pest. Enamel ® -Creation Blue) and glued to selected trees in three of the 15 zones in clusters of seven snails per tree.
The snails were placed in crevices or at limb junctures 1.5 metres above ground level in three zones. For 'damage' caused by the cryptic leaf cutter beetle, a paper hole-punch was used to create small round holes (diameter 5mm) in leaves (holes).
This target was placed at six of the 15 zones in densities of 16 holes in a cluster of leaves on a tree or shrub. For aggressive pink rust, a coarse spray of hot pink acrylic paint (British Paints, colour-Mexican Chilli) was applied to most of the leaves on selected trees or shrubs to give the appearance of rust pustules. A single plant was sprayed at three of the 15 sites.
Target pests were placed in 12 of the zones and three of the zones had no target pests. The participants were informed that each zone contained at maximum of one pest type and were given 10 minutes alone in each zone to search for the hypothetical pest. Results were recorded as 'not found', 'correctly found' or 'incorrectly found' (i.e. false positive).
Statistical Analysis
A linear mixed model was used to examine the effects of day, time of day (AM versus PM), profession (DAFWA versus community participants), age, experience (yes or no), gender, community category (over 55, student, unemployed), pest and their interactions on: 1) the probability of finding the correct pest (for the 12 zones with pests the response was either correct or incorrect); and 2) the probability of false positives (for all 15 zones the response was either false positive when the incorrect pest was found or not false positive when the correct pest was found or no pest was found). In this model, the effects of individual and zone were fitted as random effects and all other effects were fixed. Estimates of the effects of significant factors and variates (age) were made using a model which excluded non-significant interactions.
RESULTS AND DISCUSSION
Individuals from each of the three community groups completed the exercise. Six selected individuals failed to show up for the exercise (3 in the unemployed group, 2 in the student group and 1 from the over 55's). The DAFWA group undertook the exercise on a separate day prior to the main test groups. This was unfortunate but unavoidable, because the researchers were needed to test the system. We can not rule out a day effect for these participants, but we think that it is unlikely.
Our preliminary setting-up of the surveillance indicated that test participants needed clear and concise briefing information prior to the exercise and many had difficulties following basic maps, needed guidance around the surveillance circuit and had trouble disciplining themselves to the required time limit per zone. These issues were addressed before the actual exercise when Departmental staff acted as impartial marshals and timekeepers to maintain consistency between participants. The DAFWA group were tested in the absence of these additional supervision improvements.
The time constraint (10 minutes) within each surveillance zone area (274 -1,510m ) influenced the surveillance outcome and is a useful benchmark for future operations or research. The requirement for participants to look for three target pests is likely to have led to poorer performance than had they been required to look for only one pest. Most surveillance operations involve hours, days or even weeks of visual inspections by staff, without necessarily finding any target pests. This can lead to feelings of hopelessness and lack of enthusiasm. Contrastingly, this surveillance exercise had several zones where most participants were rewarded by finding a target pest, leading to increased motivation.
Public understanding of the anticipated economic and ecological impacts of response actions (to a pest incursion), as well as the benefits associated with this response efforts (to eradicate the introduced pests), is important to success [10] . Interviews and discussion with some participants revealed that many of them were aware of the importance of protecting and maintaining Australia's bio-diversity by excluding exotic pest species. Some commented that they would be willing to offer their services for future surveillance activities without any financial reward. This attitude could be channelled into voluntary community surveillance activities if there was a simple provision of biosecurity information, group presentations and other technical support.
Probability of Finding the Correct Pest
The number of targets detected by individual participants ranged from 0 to 10, with a mean score of 4.0 out of a possible 12. There was a significant difference in age between the community groups, with students having a mean age of 25.8 year, unemployed participants having a mean age of 38.0 years and over 55's having an mean age of 61.4 years. The probability of finding the correct pest was significantly affected by experience (P=0.001), pest (P<0.001), and community group (P<0.001). If community group was ignored the effect of age was highly significant (P<0.001) and the effect of community group after removing the effect of age was not significant (P=0.410). There was no effect of profession. An interaction between gender and pest was barely significant (P=0.038), and has been disregarded since there was no other gender effect. After removing the fixed effects, there were still significant differences between individuals and zones (P<0.001). The linear effect of age when community groups were ignored indicated that, for every increase in age of 10 years, the probability of finding the correct pest is reduced on average by 0.029 (2.9%) (Fig. 5) . This effect was the same for all pests (P=0.209) and unchanged by the person's experience (P=0.246).
After adjusting for experience but not age, students found the correct pest significantly more often than the over 55's (42% vs 29%, respectively), but there were no other significant differences between community groups (DAFWA staff 37%; Unemployed: 33%). On average, experienced persons found the correct pest 40% of the time, whereas an inexperienced person found the correct pest only 31% of the time (Fig. 6) . This difference between experienced and inexperienced personnel was the same for all pests (P=0.968). The detection of the correct pest also depended on the pest type. On average, snails and holes were found correctly 23% and 24% of the time, respectively, while rust was found correctly 59% of the time (Fig. 6) .
The largest effect was that of the individual. Of the 24 participants who found 50% or more of the pests, five were inexperienced students or unemployed, with an age range from 19 to 45 years, and the remainder were experienced participants from all categories, with an age range from 20 to 70 years.
Probability of False Positives
The number of false positives detected ranged from 0 to 15, with an average of 2.6 per person. The probability of false positives was significantly affected by experience, by pest interaction (P=0.006) and community category (P=0.004). The effect of age after removing the effect of community group was not significant (P=0.965). However, the effect of age ignoring community group was significant (P=0.006) and the effect of community group after removing the effect of age was not significant (P=0.222). There was no effect of profession. After removing the fixed effects, there were still significant differences between individuals and zones (P<0.001).
The linear effect of age when community groups were ignored indicated that, for every increase in age of 10 years, the probability of a false positive increased on average by 0.026 (2.6%) (Fig. 7) . This effect was the same for all pests (P=0.368) and unchanged by the person's experience (P=0.155). After adjusting for experience but not age, the rate of false positives was highest for the over 55 category (25.3%), followed by the unemployed (17.4%) and the professional (18.8%) categories (Fig. 8) . Students had only 12.2% false positives. Only the difference between the over 55 category and students was significant (P<0.05). Inexperienced personnel had significantly higher false positives than experienced personnel did for all pests, but the difference was greatest for snails (P<0.05), less for holes and when no pest was present, and very small for rust (Fig. 9) . As with the probability of finding the correct pest, the largest effect was that of the individual. Of 32 participants with no false positives, three were DAFWA staff, five were over 55's four of whom had experience, 15 were students, eight of whom had experience, and nine were unemployed, eight of whom were experienced.
CONCLUSIONS
Assessing the usefulness of available community groups for surveillance activities was the main driver for this exercise. However, it is clear from the study that selection of individuals based on their performance in test exercises is by far the best way to enhance the efficacy of surveillance for plant pest incursions. Fig. (5) . Fitted linear relationship between age of participant and probability of finding the correct pest. Each point is the average for all participants of the same age after removing effects of experience. Fig. (6) . Probability (+SE) of experienced and inexperienced persons finding the correct pests (shaded bars) and probability of finding the correct pest type, which are rust, holes and snails (black bars). 
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Probability of finding the pest Fig. (7) . Fitted linear relationship between age of participant and probability of finding false positive pest. Each point is the average for all participants of the same age after removing effects of experience.
Fig. (8).
Mean probability (+SE) of a false positive for each community and professional group. Fig. (9) . Mean probability (+SE) of finding a false positive for each level of experience (after removing effects of age) for each pest. As expected, the type of fictitious target pest (size, appearance and level of concealment) had a large bearing on the resultant probability of finding the correct pest. The proportion of successful detections ranging from 21.5% (blue snails) to 59.4% (pink rust) and provides a valuable indicator level of potential success for actual field surveillance operations. Logically, it would seem that many more people would be required for surveillance of a small or potentially cryptic target pest than for a much larger or overt target. The overall number of targets detected by individual participants suggests that in the event of an actual incursion with similar pests, having similar densities and level of concealment, surveillance staff would on average be expected to find less than a third of the actual number of pests.
This exercise was valuable in providing an understanding of the importance of experience in planning and preparation before a surveillance event. Participants needed clear and concise briefing information on procedures, expectations and visual aids prior to commencing the exercise. Small details, such as providing a rest break between some zones and an opportunity to ask questions of marshals, were important in the overall performance and motivation of participants. These issues were addressed before the actual exercise, but could easily be glossed over or ignored in a real field incursion when less preparation time is available.
We want to reinforce the fact that, in the absence of other information; it would be desirable to choose young experienced staff to detect the presence of a pest. However, if there is information available regarding the competence of staff, then this is probably a better basis for selection. It would be useful to design some type of rapid competency assessment test which is able to be tailored to suit each surveillance programme.
This project is a first step in acquiring data pertaining to the capacity of community groups to carry out surveillance activities. This type of exercise needs to be repeated in a variety of communities with similar groupings. Similarly, it would be useful to undertake an exercise that compares personnel experience in surveillance for a specific target, with personnel who are experienced in biological pest surveillance but not familiar with the particular target pest, and with personnel without experience.
